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Advances in Physiology and Ecology Studies on Stored 
Non-Structure Carbohydrates in Plants 

PAN Qing-Min I-IAN Xing-Guo BAT Yong-Fei YANG Jing-Cheng 
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Abstract Non-structural carbohydrates are important substances involved in plant life processes. 

S u c m  not only is the main form of translocating carbohydrates, but also can regulate the 

metabolism in plant cells at the level of gene expmsion. Fructan is the main fom of carbohydrates 

temporarily stored in vegetative organs, while starch is one of the main substances long-term stored 

in plants. To a p t  extent, the metabolisms of non-structure carbohydrates affect the plant gmwth, 

development, and response to environmental factors. Here we summarize the advances in physiology 

and ecology studies on stored non-structure carbohydrates in plants, concentrating upon the physio- 

logical pmesses of sucrose, fructan, and starch and their responding mechanisms to environmental 

factors such as temperature and water and human factors. 
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~m@~&E@%&%~m%E%E%%%%%%%mit%%~##(~ona~h~ and Fulk- 
erson,1998;Cairns et d,1999). &#&#%/J\%(Triticm aestivum L.)$Eg%&E!%,%$!? 

EmErKlk$-%&EU%%%%&,fiH%%%m$-&%%RX$THeFf @ S E W &  
?iE#B~r;iJ(~iihbauch et al ,  1989). %%g%%&%i%E%!~7?%!E&-, &G&S&# 
% H E @ ~ ~ + E F @ f & % ~ I L & % E .  % @ k % S # ~ R B B t B k  
@Bk%nAB%%m&EWX$9;%mnAE(Koch, 1996;Van den Ende et al ,  1999;Loewe et 

aZ,2000)0 ~XSBfi%~E%~BEGQ7Kk+%R%.%%%@%%lt%~&E%& 
% @ % % E o  

R%BS%#&E@7kk$-%3Um&ZB&,&g@7JCk$-%BEm%&&-. 
z % , B * B g m % @ s ! 4  ,R%@U&8B%&7KYkX$%B&mR%~@%f7%@ 
(Gibson,2000;Koch et d,2000) , e B % % & E E B i 3 @ P  tBBE#H E%gBJJ-E?@I%@ 

(&ljXz%, 1 9 8 9 ; S m g % ,  1989;Lm-m et a l ,  1999). $ Leloir $!I Cardini(1955)B/J\%EP 

2BR%@@$-&@(EC 2.4.1.14,SF'S)U%,%%#&%ER%it%#aff%?iT4Bk% 
KO -BM%,%%%fsB$+R%$-&%%RMY@BTR%TR%%@$-&E<SB).R 
#-6-@@@@(EC 3.1.3.00,~uc-6-~ase),~%$-&~(~EC2.4.2.13,SS).W~%@(~~3. 

2.1.26)!3~FJ#H(Champigny, 1995; Ho, 1996). & % % # & R % m $ ? R & # R S R %  

%@+B@/R%-~-@@E$~(SB/SUC-~-P~~)%%, fi SS &#$&%%A%%&q @JR% 
P;$R%R~~@@%@#(UDPG)&$-&%%%@7Kk+%. 

jh%,#T%%23$!~RHR33'@JBT H Z % ~ Z ! J I J & ~  &%%(spirzucia okracea L.)  
f t l k s ( ~ o r d e m  dgare  L.)k,w%%$-g%b?J@$%@U%%? SF'S h?l%$%%(~ight-activa- 

tion)mQ%R%m$-&(Neuhaus et al ,  1990). fiiik!Z( @cine m L. )W%Pb!JR%$?R 

23lMfi%%*mE@BT(feedb&ck regulation)(~ufty et d,1983). ~$$?R%lYJ6@% 

A , # T R % l t B f l T  H%E&BJE%37KY,3&Z%%%TR%@@+BEX$%H3H 
&B%&ZE#L%JWJ@%~ 5-?&Ai1'1%BB%&%%k, R%%@$?&E!fi%W@%!@ 
& ~ ~ T ~ ~ B ~ f f - ~ ( P o l l o c k  and Housley, 1985; Stitt et a1 ,1988; Huber et al ,1989) ; %% i% 

HR2B%B3X$R%@@$?&@%BHBTEB2EE Q ~ % f l i B % % B ~ ,  &ZE 
b E Q  H q % % @ k i 3 @ .  f %stJRH%@+&mBI!8%Ai+TAEQa#@@k-mi@$% 
%,&T%k&mR%@@$-&m&mE%!@&i+Tfi%% ( ~ u b e r  and Huber, 1996; 
Echeverria et d,1997). ~~,"~~~@@kBTE%%"$fi@~~@(D~~glm et d ,  

~ w ) , @ @ ~ M B S R ~ @ B ~ E ( D ~ ~ ~  et al ,  1996)%%flT@k&I~BJT%%o #?BE% 
-f?&X$SiI!i&&BEIT$r-lB~(~onro~ et al,1998).%%(Foyer et al ,  1998).zk%&Ebi!3 

(Garcia et d , i ~ ) m ~ G ~ % ! ~ R f i 3 a F % .  IE!E%~%~TIKJ~E#l%~,kL~T@ML 
~ Z ~ % ~ % O  

%%%ERQS$BZt€t%(Hendry and Wallace,1993)jM1B%&$l@~%B%fH% 
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(Pollock and Caim,1991)%7kk+BmSZE@B$,*T&+Xrl%J%M%E&EiFRB& 
Wm%B&EuB6%H&P:fm%&Q~Gs%#FBo % % % m + & 5 i % @ & % 3 3  

+@h!Jfi@, - ~ ~ # : ~ % % # ~ % ~ ~ ( S u c r o s e : S u c r o s e  fiuctosyl transfemse,EC 2.4.1. 

99, ST);=~%%%:%%#%@B%%@(Fmctan:Fructan fmctosyl transferase,EC 2.4.1. 

lOO,FFT);-E%%#Bb7k@E(Fiuctan exo-hydrolase,EC 3.2.1.26, FEH)(Archbold,l940; 

Cairns et al , 1999; LUscher et d ,2000; Vergauwen et a1 ,2000) 

%RBWfifiNHfi%Z%Xil-%%#+&HH%QSW,R%S%ESm+&H% 
-+Z%#(Caims et d,1988,Housley et al,1989) ,&?ZI&B!&BE!@%k@ldbi@$#w~ 
k$%?5JTTi?E%(Chatterton et al,1988). BBtB$?+%%@b99&3&$1R+ Edelman 8 
Jefford(l%6)@* l8"Precursor-Ploduct"%%, titP%%%g$E$?#%mgEb.k , B + @ @ k R %  

%%@R%%E%E4$. &'f.$E%@%4T7;NRIzkWXmaatR%,qUB%R%Msele 
& , R % f ' F % % % M e & B S % m  + M # E % @ ~ J ~ - $ H T ~ ? E X ( W ~ ~ ~ ~ ~  and Wiemken, 

1987). S T  UR%%tl$-2#,*%#k%%@+&M%-$EG ,-&&%&E(DP)% 3 

~ Z R # , F F T  FEH m z m S a % % m f i M , f i % n a m z  

%B%%,-&%@-+%%%H,BBJ#17;-+RMIffT0 
#T@%%%%4tBm*B*&*H%,B%*HI#%E%Bs*%%%H%fi 

l%J Pollock Caims % ~ L ~ , ~ ~ l ' l $  20 I&%! 80 ~ ~ ~ U 3 k X $ % ( L o l i u m p e r e n u e  L. 1% 
%%it#BR%%%B%m#%.t&ftT%Bm@%. l&&,%iifl% wager %(1983;1987)a 
k%k, tLiF1llFfm Van den Ende %(1999)$E%iE( Cichorium intybus L. )kQ#&Tk33H3X0 

~ n + m  l R m % k O  &@ 
m ~ + , - ~ ~ % z 2 ~ m ~ ~ ~ R % % % % ; ? Z ~ z G ~ ~ % ~ ~ ~ + % % # B % %  
@,E*k%%zwE@%%,Is_gB%@Es+%%+?ZsTB%R%kf R % # , f i  

S%%BYSm%BaBaT%qmfin(Borrell et al,1989; Kuhbauch et al ,  1989)0 % 
+wm+,%%%mR%z%Ba~%N~~%fi,m%%#m%@%B%&@~B*E 
r3;jH%~~R%MRBR~H-%(Pollock and Jones, 1979 ;~c~ra th ,  1988). %@@% q, 
%%%R#MST%k%B%&O & , % @ ~ @ + & G % % % % ( P O ~ -  
lock and Caim,1991)~ 2 )WZ%%%69RBo kBlf'F%iFR%@&%WZbt~%%%$-f 1% 
'f.Sfi@@$8(Pollock and Jones, 1979) ,fH@B%Wg%%%R%mgX?ZTUTH+% 
~,@@~~~%BX~~-~%+&@B%@%%#R%~%UB;BBR!%@~~%R#W%S% 
!8%1+7;mjE%R%. B5t&%i$%tNUt&%2 Archbold %@$ mB%, BP%%#mR% 
G%%~~Z(BJ3n%,;m-BB%E%J\@H+EM$13pJ%)S@EE@$u(@J3n@$nW 
TKiR\%elFfW,CQ %E%)Rt&@?5J@%o Housley %(1985)i%H%%% ,&FJ@%l+f; 

~$%%f R#WZI%%,q%#@7Kk+BmJE~BGR7;Gm 72 h hR@%$n,Ek@R 
g @ ; b n m n ~ ~ ~ R ~ , - ~ w W g m ~ N s e ~ % @ u B ~ ~ ~ f m z ~ @ z ~ ~ ~ .  
%%@%%tB%+@7kk+81YJ2i!&f RJiA'fZZH 60% - 70% ,TfiiH%% 60%@~@7kk+ 

~ g R ~ ~ , m R ~ m $ - ~ ~ ~ ~ n 1 1 ~ w ~ ~ ~ e ~ ~  B * L Z ~ T  ~rchboid % i w m  
B%o 3)I f f&a$?%R%4tBo %@iFR6%m@%**&8%Bm@7kkeB%R 
(S1nith,1973)~ %%%mw#Rg%%#lFf,Za&~mW~m~%$FJUR%~~%B 
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&%#k+&3@8%,E8fl3&%#k$-&Z@@%(~en~er et al, 1995; SchatTer and 
Petreikov, 1997). ffiiB. GBSS %&@%%%&-aSftl &#%m UE7f-!%?S#k#8] (Evers 
+ m a w  .xsn?\, %46 .S&%&&Z%N%Z%eE@%FutlSt@,.sTZ@@S%&% 
+&fiHBB?l a-1,6 %8@ ,MfiE&%3b9%%(Preiss, 1988; Weegels et al, 19%) ,a 
3bM#8]YIl%MB%E@+.@T-++B%, %%%b9$-&@1%"$2#9H.l I ' Y B ~ U  et 

al, 19%). 

XTB%RBH%HtJ-+%,&kX$@%~&m#X@m%i3(~artin and Smith, 
1995;ScMer and ~etreikov, 1997). @@ €I m@@%%%,@%=@@%fffj%E%@kE, 
@%~&EN%ZEB@%J@%&&@3+#@E(~chaffer and Petreikov, 1997). @%=I 
%E%%%E%@k@&iT5BBW%BEB%B+$PGEBo $E@IWA-+'EW%& 

BT,@ 3-@@giTh@&%T@@%th@@stF;ri@%Jo 3-%@?3%I@%-4th%E@ bL@RJ'LY 
&$4g%B(~re iss ,  1988;Martin and Smith, 1995). Etf%$? 9, @ 8 1 @ @ % % % % % @  

kEW 3-@EH%I@#%th@@mtJT#HalS/J\T#%(~eber et al, 1995). 'EB4.k 
m~DPGm$-&?l%@~%E%%%%+&frtJ%-~X@tJTfi&. $&iiE@*%sff$3 

+zm:l)%%#mH%,@8=@@%%BE%@kE@%m%%#@%*BaB%% 
(Smith et d, 1989). 2)%&lf@@f@!@f%,$E~%$!!(~olanum tuberosum L. )+$$A@%: 

@@%%%E@@k.tt:bEXXH,B%1BAFZ~@#%l,$2%plf &%%(Muller- 
Rober et al, 1994). 3)%!kH?l@%%!%l%hk,&@l$( ~icotiana tabacum L..).4&%.%% 

(Lycopersicon esculentum Mill. )+ ,X$Xth@E@%J#H;;f;&&m%Bfi@m~%=%@% 
%%%%@kB@m&lf %&,%@@%E%@fl~(Stark et al, 1992). SiJ%B@%$-&@ 

(SSS)$EB%JEB%$%Z%+&3fiWR3 t k % 8 ~ @ @ % % % E ? i % @ k ~ E S E o  H% 
6@ SSS @ ? % ~ ~ i % & ~ ( C h l a m y d o m o l t a s  reinhardii)%%#%%&&Bjti@f&(~ontaine, 

1993) ,fi~~mm%BX$a~&%&$rt,~;k"~nockdown"W&(~eeling et al, 1993). BP 
BBBi3 ;t 2 5 ,  FI@%#B~%I&. - m i % @ % + & G # H g C E ~ % " ~ n ~ c k d ~ ~ n "  3% 
(Jenner et al, 1993). % % % % $ - & @ % $ - & ~ ( G B S S ) ~ @ % ~ ~ % % % 5 ) 9 & m # @ ~ % #  

&'f-%%#m@f%. ZI&$!!%$# uqf&W GBSS %#,@$-S@@%(~ovenkarnpher- 

melink et al, 1987),2#%2#@AR%%! u q f & H , , X % ~ T 8 % @ % # $ - & ( ~ a n  Der 

Leij et al, 1987). %%@m#HZ%k&a3@%%M%3%jPfJ(Smith et al, 1995),Sf: 

iiEB&S%%TX$%3ER%#m@%(T&da et al,  1993). %%KIA#T@%4t%ik 

B&&H%mH%,&%%+&/J\S,3%.%%B%8fi%k ,#Tg 'E%%@%RHM 

H%H$O 

@7kkeBR#E@%%%!k$@4tB?lE&-, iT&4$%(1989)N a7$3%(1989) 

@&%&%%!8ER@E&8@7kk+I%f@2kB#&@#;f;RS4$@%*%@S 
fi~wammx. fi~9\+8~3fim1fi2%s+a@7~~e13~m9fix$a~ 
R7-k%stJDAEth@Jk(~eon~ and Housley,1990;Loewe et al, 2000). @7kT?,eI%B%$k~$ 

f&BlFJ~fihk, l2 ~audet %#H%i%B?Z!2fko #f11 $ 20 80 qft87f%?X$fl~@kjL 
 https://www.sciengine.com/doi/10.3724/CBB-t2002-30



B@fl%%P&&%B5)-SH#%fl%@X$F%#SG&%J%6H%,i&4n%%~@@ 
7 k f i ~ % M k f  EEB&/J\%%@#%NSF&%@f3EZWF%5)-S%EB9. 927@7k 

fie % .$ f X$7k 9 5)- @I J$ & % @ 8 % ( Volaire and Gondoin ,1996 ; Schellenbaurn et al , 
1999), 7k9WB;;f;R%~@7kfi.ft-%5)-9EihJH%~fiR#@mk~J\(~uick et a l ,  1992; 

Garcia et al,19!37) ,@%fTFl&%7;@%HfiA@\f 7;i%,iHsil%Tfk@7kk&%M.$f @all, 

&#NU%&BBMBBB,%&#X$G5)-%E%%@&&%B@5)-@&flR#~&5)- 
%a~(Quick et a l ,  1992) ; @ E , % S (  Phaseolus vulgwis L. )$5!?3%%7k%l!!bif!7;Ek#%@ 
&&@%I!+H%fi, MB$U@H5)-&&B$i%1%EkH~B%@BR#H@B(Vassey 
and Sharkey,1989). NJL75Ht3%@7kfi+?%.$f $kX$7k9l&if!M@J@Ni%JE7f;H 
199, @%%%11%% ME%%@7kk$-%i'2HX$fiB\;fb%S%Ai4%5!?3%%%iWisilB 
%@7k1k~%$7BM@R ,5iX&TNBI!+@7kfie%@%%@HBBBT#H ,ESZ 
MEHN~~~~F~?%W@I!+@~~~~&%B%%&@S%M~$%%B(S~W~ et a l ,  1999; 

Gibs0n,2000)~ "%E3+77MB% Hfjil&Hk_t:E!&%%%+93&M-+%,&o E!SE% 
8Y,WB1B@7kfi&%+%@%\%%\R%\N#%&BHR%H%NRBE%%E 
(Koch, 1996 ; Gibson, 2000) 

#FA%B%X$%%@7kk&%R#~%nfi ,F3iSAMH%$%+;kXII%Z%&%%fiP 
@7Jck$-%;f;f M # % k o  20 50- 60 +1"2,A4rl@&BFIJ%@%1J%IJ%5)-@& 
B&h%i&k$lSNi&TjEW% M@7kfie%7kY%@%%(Davies7 1965). iHE,%J%@@ 

%kk&%$.f ?@fi%%l]%Z!6E%M#% H%AH%%E $ 20 90 ~ i ~ ~ ~ 5 ) - ( ~ o u s l e ~  

et al,1991;Fulkerson and ~ l a c k , 1 9 9 4 ) , % ~ ~ ; b ~ ~ ~ j ~ % ( D o n a g h ~  and Fulkerson71998). & 
+,@&fie%+MD;$i#,R%\Ek%\fi%&B%%%,B%&B%%#,@H~.$f % 
%l]&?t%B 5)- # % E! %% @z ( Housley et a1 ,1991 ; Donaghy and Fulkerson, 1998 ; Vanderklein 

and Reich,1999). Fulkerson@ Slack(1994)@@7k%%@7kfie%&jEW%\@E@V%q 

%Bm%kB%VkB5)-#%B% T%A$J%S+&%s@x1J%IJm%&%$5N&B% 
$50 B7%-&%(1994)X$% El &@&RBfiPE%@@7kke%*B$fiX$%1J@J 5)-@IGiB%T 
T@i$. 1BE&gI@$EfiB%%EBBX$&H3F%@B@7kfie%SfiH%M ,fi 
%%%EBB2%T&3rn5)-H%~%X@BO 

%kfiS ,~~~~AX$B%~~%@I!+E%@~~~~%M~~HE~%TTB$H%,X$R%\ 
% % # , @ 8 % @ 7 k k e ~ 4 ' 2 H 5 ) - ~ $ & % P e ~ ~ ~ T ~ $ H ' T ~  ,%X1J$2X$T&R%2B 
H K B ~ ~ ) - H % E B ~ ~ T ~ B ~ ) - % E  , ~ H E # T ~ F ~ R % Q ~ J ~ . ~ ~ : ~ B . I ~ H % J ~ ; B B F ~  
A%S7ZH~ltilGN~J~5BQBE,jcF%#F"#E~7'B@%&REB;i%BCfi5)-#H 
S%B%3FIJZB,iHB&H3k%@I!+@7kke%@%E9%E&&&%B+M#RS 
%@T2-$Bi?lo 
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